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Hideto Takahashi, PhD,c Nobuyuki Takahashi, MD,a Yuzuru Sakakibara, MD,b and
Manabu Minami, MD,a Tsukuba, Japan
Objective: This study clarified whether unenhanced magnetic resonance imaging (MRI) is an alternative to contrast-
enhanced computed tomography (CT) for aortoiliac arterial measurement before endovascular abdominal aortic
aneurysm repair (EVAR).
Methods: The institutional review board approved this prospective study. Twenty patients being considered for EVAR
underwentMRI using a steady-state free-precession sequence in a 1.5-T system and contrast-enhanced CTwithin 4 weeks
of each other. Two independent observers reviewed MRI and CT in random order using vessel analysis software and
measured seven diameters, four lengths, and the angle of the aortoiliac arteries. The intermodality, interobserver, and
intraobserver agreements were assessed for each measurement by intraclass correlation coefficients (ICCs) and the
Altman-Blandmethod. Additionally, the observers independently recorded the number of bilateral renal arteries, decided
EVAR suitability, and selected the main endograft on each modality.
Results: Intermodality ICCs for observers A and B showed ranges of 0.83 to 0.99 and 0.70 to 0.98; interobserver ICCs
forMRI and CT showed ranges of 0.73 to 0.99 and 0.65 to 0.99; and intraobserver ICCs forMRI and CT showed ranges
of 0.59 to 0.99 and 0.59 to 0.99. In intermodality, interobserver, and intraobserver comparisons, mean differences in
diameters were included within the range 1 to 1 mm, excluding three of seven diameters on CT in interobserver
comparison and one of seven on CT in intraobserver comparison. Mean differences in lengths were included within the
range 5 to 5 mm, excluding one of four lengths in observer B in intermodality comparison and one of four on MRI
and CT in interobserver comparison. All mean differences in angles were included within the range 5° to 5°. Both
observers detected all 40 bilateral main renal arteries on MRI and CT. Of the 13 accessory renal arteries, observers A and
B detected four (31%) and nine (69%), respectively, on MRI; in contrast, both observers detected 11 (85%) on CT. The
observers independently determined that the same seven patients were suitable for EVAR on MRI and CT. Of the seven
selected main endografts, seven and six diameters and five and six lengths agreed exactly between MRI and CT for
observers A and B, respectively.
Conclusions: Although contrast-enhanced CT remains the gold standard for preoperative EVAR planning, unenhanced
MRI with steady-state free-precession sequence can be an alternative modality for patients with contraindications for CT,
such as renal impairment, because the intermodality agreement for preoperative measurements is as good as interobserver
and intraobserver agreement. (J Vasc Surg 2012;55:679-87.)
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tEndovascular abdominal aortic aneurysm repair (EVAR)
was initially introduced by Parodii et al in 1991.1 Since
then, it has been rapidly developed and is now widely
performed as a promising alternative to open surgery for
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doi:10.1016/j.jvs.2011.09.091atients with abdominal aortic aneurysms (AAAs). The
uccess of EVAR depends on the precise measurements of
arious diameters, lengths, and angles of the abdominal
orta and iliac arteries to determine the indication for the
rocedure and to select the proper devices.2,3
Contrast-enhanced computed tomography (CT) is the
ost widely used modality for obtaining these measure-
ents in current clinical practice.4-6 However, patients
ith aortic disease often have renal impairment and great-
r risk of contrast-induced nephropathy. Gadolinium-
nhanced magnetic resonance imaging (MRI) was once
onsidered an alternative to contrast-enhanced CT7-9;
owever, since an association between gadolinium-based
ontrast agents and nephrogenic systemic fibrosis (NSF)
as elucidated, gadolinium-enhanced MRI has been con-
raindicated for such patients.10,11 Thus, unenhancedMRI
as attracted great interest as an alternative to contrast-
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March 2012680 Saida et alenhanced CT or MRI. The steady-state free-precession
(SSFP) sequence is based on a low flip angle gradient-echo
sequence with a short repetition time. Fluids such as flow-
ing blood show inherent high intensity compared to back-
ground tissue on this sequence.12-14 Thus, the inner diam-
eter of vessels can be measured without using gadolinium.
This study aims to clarify whether unenhanced MRI
using a two-dimensional (2D) SSFP sequence is an alterna-
tive to contrast-enhanced CT for aortoiliac arterial mea-
surement before EVAR by using an automated software
program for vessel analysis.
METHODS
Patients. The institutional review board approved this
prospective study. We selected 20 patients for participation
in this study because this is the same number of patients
used in two previous studies where different imaging mo-
dalities were compared for preoperative planning for
EVAR.4,7 The inclusion criteria were patient age of 18 years
or more and diagnosis of infrarenal AAA using unenhanced
or contrast-enhanced CT or abdominal ultrasound. The
exclusion criteria were nonprovision of written informed
consent for the study; any contraindication toMRI, includ-
ing claustrophobia and implanted metallic devices such as
cardiac pacemakers; or any contraindication to contrast-
enhanced CT, including renal impairment with serum cre-
atinine level of 1.5 mg/L and allergy to iodinated con-
trast.
From April 2010 to April 2011, 29 patients with infra-
renal AAA who were referred to our hospital satisfied the
inclusion criteria of the study. Of these, five, three, and one
patients were excluded from enrollment because of the
patients’ refusal to participate in the study, iodinated con-
trast allergy, and renal impairment, respectively. No pa-
tients were excluded because of contraindications to MRI,
such as claustrophobia and implanted metallic devices.
Finally, the study cohort included 20 patients consisting of
15 men and five women whose ages ranged from 62 to 84
years (mean, 72.4 years).
Imaging protocol. Unenhanced MRI was performed
using a 1.5-T MR system (Achieva; Philips Medical Sys-
tems, Best, The Netherlands) with a 16-element phased-
array body coil. The MRI protocol included three imaging
sequences. First, a coronal single-shot T2-weighted turbo
spin echo sequence was obtained using the following im-
aging parameters: repetition time (TR)/echo time (TE),
800 ms/120 ms; turbo spin echo factor, 93; sensitivity-
encoding (SENSE) factor, 3; number of samples averaged
(NSA), 2; field of view (FOV), 380 340mm;matrix, 384
 206; number of slices, 20; slice thickness, 5 mm; slice
gap, 1 mm; acquired resolution, 0.99 1.65 5.00 mm3;
reconstructed resolution, 0.72  0.72  5.00 mm3; and
total scan duration, 1 min. This sequence was acquired by a
respiration-triggered technique. Second, an axial 2D SSFP
sequence was acquired with the following imaging param-
eters: TR/TE, 3.0 ms/1.5 ms; flip angle, 80°; turbo-field-
echo factor, 53; SENSE factor, 2.5; NSA, 2; FOV, 380 
286 mm; matrix, 324  164; number of slices, 120; slice mhickness, 6 mm; slice overlap, 3 mm; acquired resolution,
.171.74 6.00mm3; reconstructed resolution, 0.88
.88  3.00 mm3; and total scan duration, 110 seconds.
his sequence was acquired during five breath holds. Fi-
ally, a coronal SSFP sequence was acquired using the
ollowing imaging parameters: TR/TE, 3.4 ms/1.71 ms;
ip angle, 110°; turbo-field-echo factor, 263; SENSE fac-
or, 1.3; NSA, 1; FOV, 430 430mm;matrix, 256 333;
umber of slices, 30; slice thickness, 6 mm; slice overlap, 3
m; acquired resolution, 1.68 1.29 6.00 mm3; recon-
tructed resolution, 0.84 0.84 3.00mm3; and total scan
uration, 89 seconds. This sequence was acquired using a
espiration-triggered technique.
Contrast-enhanced CT was performed using a 64-slice
ultidetector scanner (Brilliance 64; Philips Medical Sys-
ems, Best, The Netherlands). Images were obtained under
he following conditions: 120 kV; 320 mA/slice; pitch,
.671; rotation time, 0.5 seconds; variable FOV; matrix,
12  512; collimation, 0.625  64 mm; and reconstruc-
ion thickness, 2 mm. Nonionic contrast medium (iodine,
00 mg/mL) was given intravenously at a rate of 4 mL/s
total dose: 100-120 mL, depending on body weight)
sing an automated power injector (Dual Shot; Nemoto-
yorindo, Tokyo, Japan) followed by a saline chaser of 30
L at the same flow rate. Automated timing of the arterial
hase acquisition was used (Bolus Tracking; Philips Medi-
al Systems, Best, The Netherlands) by positioning a
egion-of-interest in the abdominal aorta at the level of the
eliac trunk.
In 15 of 20 patients, unenhanced MRI and contrast-
nhanced CT were performed on the same day, and the
aximum interval between the two modalities was 28 days
mean, 2.5 days).
Image analysis. Two independent observers (A, an
nterventional radiologist with 16 years of experience and
, a radiologist with 8 years of experience) measured seven
iameters, four lengths, and the angle of the aortoiliac
rteries on unenhanced MRI and contrast-enhanced CT of
he 20 patients in random order (Fig 1). Observer A
easured twice for intraobserver comparison. The interval
etween the first and second measurements was more than
weeks.
The assessment was performed using an independent,
ommercially available software program (AZE Virtual
lace Lexus 64; AZE, Tokyo, Japan). The observers man-
ally plotted the center points from the abdominal aorta to
ither the right or left proximal external iliac artery to draw
he centerline of the vessels on the axial, coronal, and
agittal multiplanar reformation (MPR) images. Subse-
uently, the straightened curved planar reformation (CPR)
mage along the centerline was automatically recon-
tructed. Perpendicular MPR images to the centerline
ould also be reconstructed at any center point using the
oftware (Fig 2). The vessel diameters were measured man-
ally on the perpendicular MPR images using calipers
ecause the automatic program was not adapted to the
utline extraction on unenhanced MR images, and the
ural thrombus could not be detected with both modali-
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Volume 55, Number 3 Saida et al 681ties. The vessel lengths were automatically calculated by
defining start and endpoints on the straightened CPR
image. The smallest diameters of external iliac arteries were
measured on the original axial images because this is easier
than plotting center points in such narrow vessels, and their
length measurements are not required. The three-
dimensional (3D) angles of the proximal neck were automat-
ically calculated by plotting the three center points of the
abdominal aorta at the level of the lower main renal artery,
Fig 1. The drawing demonstrates the locations of the measure-
ments of seven diameters and four lengths and an angle to deter-
mine the indication for endovascular abdominal aortic aneurysm
repair (EVAR) and proper devices.D1, Aortic diameter just below
the orifice of the most caudal renal artery.D2, Aortic diameter at a
level of 15 mm below D1. D3, Diameter of abdominal aortic
aneurysm (AAA).D4, Largest diameter of left common iliac artery.
D5, Largest diameter of the right common iliac artery. D6, Small-
est diameter of the left external iliac artery. D7, Smallest diameter
of the right external iliac artery. L1, Length of the proximal neck.
L2, Length of the infrarenal aorta. L3, Distance between aortic
bifurcation and left iliac bifurcation. L4, Distance between aortic
bifurcation and right iliac bifurcation. A, Angle between the prox-
imal neck and the aneurysm.proximal end of the aneurysm, and the aortic bifurcation. The number of bilateral main and accessory renal arter-
es was independently recorded on eitherMRI or CT by the
wo observers. After the review, a retrospective consensus
eading was obtained to create the reference standard.
dditionally, the diameters of overlooked accessory renal
rteries were measured by observer B based on the CT scan.
Determination of the indication for EVAR.
bservers A and B independently determined the indica-
ion for EVAR for each patient and selected the diameter
nd length of the main endograft for each eligible patient
eparately on either MRI or CT. Each patient enrolled in
he study underwent the standard preoperative assessment
n accordance with the instructions for use of Zenith
Cook, Inc, Bloomington, Ind) and Excluder (W. L. Gore
nd Associates, Flagstaff, Ariz) devices to determine the
ndication for EVAR. Inclusion criteria for EVAR with
enith included a proximal neck of at least 15mm in length
nd 18 to 32 mm in outer diameter, a suprarenal aortic
ngle of up to 45°, a proximal neck angle of up to 60°, and
istal necks of at least 10 mm in length and 7.5 to 20 mm
n outer diameter. Inclusion criteria for EVAR with Ex-
luder included a proximal neck of at least 15 mm in length
nd 19 to 26 mm in inner diameter, a proximal neck angle
f up to 60°, and distal necks of at least 10 mm in length
nd 10 to 18.5 mm in inner diameter. Exclusion criteria
ncluded AAAs that were not consistent with these inclu-
ion criteria, circumferential thrombus, heavy calcification
n proximal or distal necks, or diffusely narrow external iliac
rteries. Balloon dilatation was planned in cases with focal
tenosis of the external iliac arteries in which minimum
iameters were narrower than the outer diameters of the
ntroducer sheaths.
Statistical analysis. Intermodality, interobserver, and
ntraobserver agreements regarding multiple measure-
ents for EVAR planning were investigated in the present
tudy. We conducted these analyses to prove the following
ypothesis: “unenhanced MRI is an alternative to contrast-
nhanced CT if the intermodality agreement is as good as
nterobserver and intraobserver agreement.” Statistical analy-
es were performed using dedicated software (SPSS, version
9.0 for Windows; Chicago, Ill). Intraclass correlation coeffi-
ients (ICCs) and theAltman–Blandmethod15-17 were used
o assess the reproducibility of measurements between the
wo modalities for two observers (ie, intermodality agree-
ent), between the two observers for the two modalities
ie, interobserver agreement), and between the first and
econd sessions by observer A for the two modalities (ie,
ntraobserver agreement). ICC ranges were defined as fol-
ows: 0.0 to 0.20, slight agreement; 0.21 to 0.40, fair
greement; 0.41 to 0.60, moderate agreement; 0.61 to
.80, good agreement; and 0.81 to 1.00, excellent agree-
ent. In the Altman–Bland method, the differences be-
ween two values measured by two different modalities,
bservers, or sessions were plotted against their means (Fig
). Themean differences (MDs) and the standard deviation
f the differences (SDd) were calculated, and the limit of
greement (LOA) was defined as the range from MD
1.96 SDd to MD  1.96 SDd. Generally, the difference
r
s
w
s
6
m
o
e
0
r
i
0
m
p
s
I
).
JOURNAL OF VASCULAR SURGERY
March 2012682 Saida et albetween measurements consists of random error, including
biologic variation or measurement error, and systemic bias,
including fixed and proportional biases. The fixed and
proportional biases can also be assessed by the Altman–
Bland method. The fixed bias is indicated if the difference
differs “significantly” from 0 by the 1-sample t test (P 
.05) or, equivalently, if the 95% confidence interval of the
difference does not include 0. Proportional bias is indicated
if the slope of the ordinary least squares regression of
differences on means differs “significantly” from 0 (P 
.05) or, equivalently, if the 95% confidence interval of the
slope does not include 0. If there is no systematic bias, it can
be concluded there is only random error in the statistical
interpretation.17
RESULTS
Preoperative unenhanced MRI and contrast-enhanced
Fig 2. A 79-year-old patient considered for endovascula
reconstructed from the axial unenhanced magnetic reson
right common and external iliac arteries is shown. B
longitudinally to the centerline.C, Perpendicular reforma
vessel diameter is measured on this image. D, Straighten
centerline and the corresponding perpendicular reformati
renal arteries, aortic bifurcation, and internal iliac arterie
the right renal artery is seen on (A), (C), and (D) (arrowCT were technically successful. Since the total patient in- toom time was 15 minutes and the breath-hold time per
can was 22 seconds for unenhanced MRI, this procedure
as well-tolerated by all patients. Intermodality, interob-
erver, and intraobserver ICCs are shown in Figs 4, 5, and
, respectively. The intermodality ICCs of the 12 measure-
ents ranged from 0.83 to 0.99 and from 0.70 to 0.98 for
bservers A and B, respectively, indicating good-to-
xcellent agreement. The interobserver ICCs ranged from
.73 to 0.99 and from 0.65 to 0.99 for MRI and CT,
espectively, indicating good-to-excellent agreement. The
ntraobserver ICCs ranged from 0.59 to 0.99 and from
.59 to 0.99 for MRI and CT, respectively, indicating
oderate-to-excellent agreement.
The mean differences, limit of agreement, and the
resence of systemic biases for the intermodality, interob-
erver, and intraobserver comparisons are shown in Tables
, II, and III, respectively. The mean differences in diame-
ir of the aortic aneurysm.A,Coronal reformation image
imaging (MRI) data set: The centerline of the aorta and
rved planar reformation (CPR) image reconstructed
image reconstructed orthogonally to the centerline. The
PR image. A cursor can be arbitrarily moved along the
age (C) is displayed dynamically for the identification of
e vessel length is measured on this image. The origin ofr repa
ance
, Cu
tion
ed C
on im
s. Thers were included within the range 1 to 1 mm regard-
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Volume 55, Number 3 Saida et al 683ing seven of seven for both observers in the intermodality
comparison, seven for MRI and four for CT in the interob-
server comparison, and seven for MRI and six for CT in the
intraobserver comparison. The mean differences in lengths
were included within the range 5 to 5 mm regarding
four of four for observer A and three for observer B in the
intermodality comparisons, three for both modalities in the
interobserver comparisons, and four for both modalities in
the intraobserver comparisons. All mean differences in the
angles were included within the range 5° to 5° in the
three comparisons.
The LOAs of the diameters were included within the
range 5 to 5 mm regarding five of seven for both
observers in the intermodality comparison, seven for MRI
and six for CT in the interobserver comparison, and five for
MRI and seven for CT in the intraobserver comparison.
The LOAs of the lengths were included within the range
20 to20 mm regarding four of four for observer A and
two for observer B in the intermodality comparison, one for
both modalities in the interobserver comparison, and three
for MRI and two for CT in the intraobserver comparison.
All LOAs of the angle with the exception of one for
observer B in the intermodality comparison were included
within the range 20° to 20° in the three comparisons.
Fixed bias was observed in 4 of the 12 measurements
for observer A and in 6 for observer B in the intermodality
comparison, in 6 for MRI and 8 for CT in the interobserver
comparison, and in 3 for MRI and 4 for CT in the intrao-
bserver comparison. Proportional bias was observed in
three of the 12 measurements for both observers in the
intermodality comparison, in two for bothmodalities in the
interobserver comparison and in two for MRI and none for
Fig 3. The Altman–Bland plot for the intermodality comparison
of the aortic aneurysm diameter (D3) measured by observer A. The
difference between the measurements on unenhanced magnetic
resonance imaging (MRI) and contrast-enhanced computed to-
mography (CT) are plotted against the means of the measure-
ments. The plots disperse randomly around 0 and are free from
systemic bias.CT in the intraobserver comparison. 2Observers A and B independently determined that the
ame seven of 20 patients were suitable for EVAR accord-
ng to their measurements on either MRI or CT alone.
mong them, six patients underwent successful EVAR and
he remaining one patient chose a wait-and-see approach.
he other 13 patients were not determined to have indica-
ion for EVAR because of short proximal necks in 4 pa-
ients, conical necks in 5, iliac aneurysms in 4, and hard
roximal neck angulations in 7, including overlaps. Among
hem, nine patients underwent conventional open repair,
ne patient was waiting for the operation at the time of
riting this manuscript, and three patients adopted a wait-
nd-see approach. Table IV shows the exact agreement and
isagreement between MRI and CT regarding the diame-
ers and lengths of the main endografts selected by each
bserver. For most patients, the observers selected devices
f the same diameters and lengths on MRI and CT.
All 20 patients had right and left main renal arteries. Of
hese, 4 patients had 1 accessory renal artery, 3 had 2
ccessory renal arteries, and 1 had 3 accessory renal arteries.
hus, 53 renal arteries, including 40main renal arteries and
3 accessory ones, were detected in the retrospective con-
ensus CT reading by the two observers. The prospective
eading results of the two observers are shown in Table V.
ll main renal arteries were detected on MRI and CT by
oth observers. In contrast, the accessory renal arteries
ere missed more frequently in MRI than in CT by both
bservers. All but one of the overlooked accessory renal
rteries were smaller than 2 mm in diameter.
ISCUSSION
The outcome of EVAR is mostly determined before
tarting the procedure. The preoperative sizing of the
orta and iliac arteries is the key to achieving successful
VAR.2-9,18 The current gold standard for preoperative
izing is contrast-enhanced CT combined with 3D vessel
nalysis5-6; however, the requirement for contrast-
edia administration is problematic for patients with
enal impairment or iodine-contrast allergy. Gadolinium-
nhanced MRI does not offer an advantage in patients
ith renal impairment because of the risk of NSF. There-
ore, in the present study, we investigated the potential of
nenhanced MRI with 2D SSFP sequence to quantify the
iameters, lengths, and angles required for EVAR in com-
arison with contrast-enhanced CT. Some investigators
ave reported the usefulness of the 3D SSFP sequence
ombined with cardiac and navigator gating to evaluate the
horacic aorta.19,20 Recently, Groth et al reported good
greement regarding thoracic aortic measurement between
he electrocardiogram-gated 2D SSFP sequence and gado-
inium-enhanced MRI.21 In the present study, we used the
D SSFP sequence with the breath-hold technique because
e attached importance to a high spatial resolution in the
xial plane to precisely measure the aortic diameters, clear
emonstration of renal arteries without artifacts due to
espiratory motion, and short total examination time com-
arable to contrast-enhanced CT. Moreover, because the
D SSFP sequence is the most fundamental sequence and
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on any MRI instrument.
In our study, the intermodality ICCs showed good-to-
excellent agreement and were sufficiently high in compari-
son with interobserver and intraobserver ICCs. The mean
differences and LOAs of the intermodality comparison
were also comparable to those of the interobserver and
intraobserver comparisons. Both fixed and proportional
Fig 4. Intermodality intraclass correlation coefficients w
all measurements between unenhanced magnetic resonan
raphy (CT).
Fig 5. Interobserver intraclass correlation coefficients
resonance imaging (MRI) and contrast-enhanced compu
observers A and B.biases were less frequently observed in the intraobserver iomparison than in the intermodality and interobserver
omparisons. However, they were observed with a similar
requency in the interobserver comparison and the inter-
odality comparison. In all three comparisons, the ranges
f the mean differences and LOAs were substantially larger
or the measurements of lengths than for those of the
iameters. However, relatively large differences in length
easurements are clinically less important than differences
5% confidence intervals for the two observers comparing
aging (MRI) and contrast-enhanced computed tomog-
95% confidence intervals for unenhanced magnetic
omography (CT) comparing all measurements betweenith 9
ce imwith
ted tn diameter measurements. The actual stent graft size (Ex-
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Volume 55, Number 3 Saida et al 685cluder) varies with every 2- to 3-mm diameter and 20-mm
length. In addition, intraoperative angiography with a
graduated marked catheter was used to confirm length
measurements in all cases. In our study, complete intermo-
dality and interobserver agreements were observed regard-
ing the indication for EVAR for seven patients. Moreover,
the diameters of the selected endografts agreed completely
between MRI and CT for observer A and in six of seven
patients for observer B. These are the most clinically rele-
vant data from our study.
Detecting main renal arteries is quite important in the
preoperative imaging before EVAR, and all main renal
arteries were independently detected by the two observers
Fig 6. Intraobserver intraclass correlation coefficients
resonance imaging (MRI) and contrast-enhanced com
between the first and second measurements of observer
Table I. Intermodality comparison between unenhanced m
tomography for observers A and B
Measurement
point
Observer A
Mean
difference
(mm)
Limit of
agreement (mm)
Systemic
Fixed Pro
D1 0.24 1.51 to 1.99 No
D2 0.60 4.05 to 5.25 No
D3 0.62 5.03 to 3.80 No
D4 0.20 3.09 to 2.69 No
D5 0.13 1.92 to 1.67 No
D6 0.04 1.22 to 1.30 No
D7 0.03 0.74 to 0.79 No
L1 1.69 10.80 to 7.42 Yes
L2 2.15 15.07 to 19.37 Yes
L3 1.19 12.10 to 9.73 Yes
L4 0.68 9.45 to 8.09 No
A 1.69 12.10 to 8.73 Yeson both MRI and CT in our study. In general, accessory cenal arteries are detected in 12% of patients with AAAs
hen these arteries are 2 mm in diameter, they supply
ubstantial renal parenchyma and often require recon-
truction.8 The detection rate of small accessory renal
rteries was relatively poor on MRI in the present study,
specially when they arose from the lower part of the
ortuous abdominal aorta further from the orifice of the
ain renal arteries. However, among the overlooked
ccessory renal arteries, only one was 2 mm in diame-
er. Another potential drawback of unenhanced MRI is
nsensitive detection of intimal calcification that can
ffect the indication for EVAR. Given these shortcom-
ngs of unenhanced MRI, we conclude that the first
95% confidence intervals for unenhanced magnetic
tomography (CT) comparing all the measurements
etic resonance imaging and contrast-enhanced computed
Observer B
Mean
difference
(mm)
Limit of
agreement (mm)
Systemic bias
nal Fixed Proportional
0.55 3.50 to 2.40 No No
0.55 6.39 to 5.29 No Yes
1.00 6.05 to 4.05 Yes No
0.85 3.92 to 2.22 Yes Yes
0.75 4.05 to 2.55 Yes No
0.30 1.99 to 1.39 No No
0.40 1.88 to 1.08 No No
5.44 31.34 to 20.46 Yes No
0.98 23.26 to 21.29 No No
0.60 8.90 to 10.10 No No
2.11 13.97 to 9.76 Yes Yes
3.16 25.67 to 19.35 Yes Nowith
putedagn
bias
portio
No
Yes
No
Yes
No
No
Yes
No
No
No
Nohoice for EVAR planning remains contrast-enhanced
p
r
t
t
h
s
m
r
d
b
p
m
d
t
e
i
e
s
No
No
JOURNAL OF VASCULAR SURGERY
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evaluated using MRI.
Our study has several limitations. First, the study pop-
ulation was relatively small, although it had been prospec-
Table II. Interobserver comparison between observers A
contrast-enhanced computed tomography
Measurement
point
Unenhanced magnetic resonance imagin
Mean
difference
(mm)
Limit of agreement
(mm)
Systemic
Fixed Pro
D1 0.28 2.68 to 2.13 No
D2 0.06 4.67 to 4.78 No
D3 0.21 2.51 to 2.93 No
D4 0.28 1.75 to 1.20 No
D5 0.61 3.14 to 1.92 Yes
D6 0.19 1.58 to 1.20 No
D7 0.07 1.69 to 1.55 No
L1 4.67 21.05 to 30.40 Yes
L2 6.62 28.67 to 15.43 Yes
L3 1.83 7.27 to 10.94 Yes
L4 3.30 16.69 to 23.29 Yes
A 4.04 11.78 to 19.858 Yes
Table III. Intraobserver comparison between the first and
resonance imaging and contrast-enhanced computed tomo
Measurement
point
Unenhanced magnetic resonance imagin
Mean
difference
(mm)
Limit of
agreement (mm)
Systemic
Fixed Pro
D1 0.85 6.07 to 4.37 Yes
D2 0.05 3.46 to 3.56 No
D3 0.43 4.55 to 3.69 No
D4 0.05 6.48 to 6.38 No
D5 0.40 3.27 to 2.47 No
D6 0.05 2.26 to 2.16 No
D7 0.04 1.60 to 1.52 No
L1 3.38 25.42 to 32.18 Yes
L2 0.19 9.08 to 8.70 No
L3 0.73 5.46 to 4.01 No
L4 0.79 6.21 to 7.80 No
A 2.31 12.54 to 17.15 Yes
Table IV. Exact agreement in selected endograft
diameter and length between unenhanced magnetic
resonance imaging and contrast-enhanced computed
tomography
Agree Disagree
Observer A
Diameter 7 0
Length 5 2
Observer B
Diameter 6 1
Length 6 1tively decided according to previous studies with similar rurposes.4,7 This small size would result in a relatively large
ange of LOAs and frequent detection of systemic biases in
he Altman–Bland method. Second, only seven of 20 pa-
ients were suitable for EVAR in our series, indicating a
igh percentage of patients with short, ill-defined, and/or
everely tortuous proximal necks. Reproducible measure-
ents for D1, D2, and L1 were difficult in these cases,
esulting in relatively poor ICCs and large ranges of mean
ifferences and LOAs in all comparisons. Third, systemic
iases were relatively frequently observed in all three com-
arisons. This would result from complicated measurement
ethods such as plotting the center points of arteries,
etermining measurement points, and measuring diame-
ers with calipers, which depended on each observer and
ach session. Fourth, there may be the criticism that EVAR
s not indicated for patients who cannot undergo contrast-
nhanced CT. However, several reports showed that no
ignificant differences existed between EVAR and open
for unenhanced magnetic resonance imaging and
Contrast-enhanced computed tomography
Mean
difference
(mm)
Limit of
agreement (mm)
Systemic bias
onal Fixed Proportional
1.14 4.31 to 2.03 Yes Yes
0.75 5.99 to 4.49 No No
0.20 3.72 to 3.32 No No
1.05 3.47 to 1.37 Yes No
1.23 3.78 to 1.33 Yes No
0.45 2.49 to 1.60 No Yes
0.53 2.22 to 1.16 Yes No
0.38 28.80 to 29.56 No No
9.91 38.87 to 19.05 Yes No
3.53 8.37 to 15.43 Yes No
1.70 16.65 to 20.04 Yes No
1.92 14.66 to 18.49 Yes No
nd reading by observer A for unenhanced magnetic
hy
Contrast-enhanced computed tomography
Mean
difference
(mm)
Limit of
agreement (mm)
Systemic bias
nal Fixed Proportional
1.04 4.60 to 2.52 Yes No
0.10 2.38 to 2.18 No No
0.40 2.81 to 2.01 No No
0.10 2.10 to 1.90 No No
0.43 4.36 to 3.51 No No
0.00 1.10 to 1.10 No No
0.12 2.18 to 1.95 No No
2.52 27.78 to 32.81 Yes No
3.25 20.76 to 14.26 Yes No
1.55 9.48 to 12.58 Yes No
0.22 4.84 to 5.27 No No
1.24 15.83 to 18.30 No Noand B
g
bias
porti
Yes
No
No
No
No
Yes
No
No
No
No
Noseco
grap
g
bias
portio
Yes
Yes
No
No
No
No
No
No
No
No
Noepair in postoperative alterations in renal function and thus
11
1
1
1
1
1
1
1
1
2
2
2
2
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Volume 55, Number 3 Saida et al 687concluded that preoperative renal dysfunction alone should
not exclude either approach.22,23 For patients with sub-
stantial renal impairment that does not require dialysis,
unenhanced MRI is a useful screening examination to
determine the indications for EVAR or open surgery with-
out the risk of deteriorating renal function or NSF.
In conclusion, although contrast-enhanced CT re-
mains the gold standard for preoperative EVAR planning,
unenhanced MRI with a SSFP sequence can be an alterna-
tive in patients with contraindications for CT, such as renal
impairment, because the intermodality agreement for pre-
operative measurements is as good as interobserver and
intraobserver agreement.
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